1. Peak blood flow acceleration measured in the common carotid artery was compared with peak flow acceleration measured in the ascending aorta of three baboons.
Introduction
Peak blood flow acceleration measured in the ascending aorta is a potentially useful measure of left ventricular mechanical performance (Rushmer, 1964) . Peak flow acceleration in the ascending aorta may (Nutter, Noble & Hurst, 1971) or may not be Correspondence: Dr John E. Chimoskey, Center for Bioengineering (SB-70), University of Washington Seattle Washington 98195, U.S. A. " 243 as sensitive or may be more sensitive (Noble, Trenchard & Guz, 1966) than stroke volume, peak flow rate or maximum left ventricular pressure change (dP/dt) in response to a variety of cardiovascular interventions. However, all investigators have found that peak acceleration of blood ejected from the left ventricle is depressed by acute coronary occlusion (Rushmer, 1964; Noble et al., 1966; Nutter et al., 1971; . Because of difficulty in measuring blood flow velocity and acceleration in the aortic root in man indirect assessment of aortic flow acceleration has been attempted Gams et al., 1974) . Peak flow acceleration measured in the common carotid artery of anaesthetized dogs and unanaesthetized dogs (Gams et aI., 1974) correlated well with changes in peak aortic flow acceleration induced by acute coronary artery occlusion. Because the carotid circulations of dogs and primates differ, a study was undertaken in baboons to determine if peak carotid flow acceleration may be a useful indirect index of peak aortic flow acceleration in primates (McCoy, Swindler & Albers, 1967) .
Materials and methods
The experiments were performed in three male baboons, Papio cynocephalus, weighing between 11 and 15 kg. Electromagnetic flow sensors were implanted on the left common carotid artery and the ascending aorta under halothane anaesthesia and sterile conditions, through an incision of the chest at the fourth intercostal space and a ventral midline incision of the neck. An electrocardiogram lead was implanted on the left ventricular surface and a reference lead was implanted subcutaneously on the chest wall. In two baboons, inflatable occluders (Rhodes Instruments) were implanted on the circumflex branch of the left coronary artery and, in one, an occluder was implanted on the anterior descending branch of the left coronary artery. All catheters and leads were brought to the back of the chest and buried subcutaneously. The baboons were then returned to their cages. Ten days later, the leads were exteriorized under fluothane anaesthesia and the baboons were placed in protective jackets and restraint chairs.
A two-channel square-wave electromagnetic flowmeter (Zepeda Instruments, Seattle, Washington) was employed. This flowmeter has a flat amplitude frequency response which is 3 db down at 25 Hz and an approximately linear phase lag of 2.0 0 per Hz. The differentiating circuits used to obtain flow acceleration have frequency responses flat to 50 Hz.
The 25 Hz bandwidth of the flowmeter employed in these studies is narrower than that of the differentiating circuits and recorder and is probably adequate. Heart rate was consistently below 3 Hz. Because McDonald (1974) Values represent percentage changes (mean± SD, n = 34) after coronary occlusion for 60 s. Significance of differences calculated by the two-tailed group r-test are denoted: difference from zero, '" P< 0'001, "'. P< 0'025; differencefrom peak aortic flow acceleration, "''''*P<0'005, "''''** P<0·025.
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aortic flow wave is reached by the seventh or eighth harmonic, it is unlikely that there are any significant propagated waves in relation to blood flow above the 25 Hz bandwidth of the flowmeter. The ratio of maximum carotid acceleration to maximum aortic acceleration was determined electronically with specially designed peak-and-hold and dividing circuits. The area under the aortic flow velocity curve, stroke volume, was computed electronically. The electrocardiogram signal was used to trigger a re-set circuit so that acceleration ratio and stroke volume were computed on a beatby-beat basis. The electrocardiogram, the flow velocity and acceleration signals, stroke volume and the ratio of peak carotid to peak aortic flow acceleration were displayed on an oscillograph with a frequency response of 60 Hz.
Periods of coronary artery occlusion were of 60 s duration. All experimental data are taken at the end of each occlusion period (60 s) and are expressed as percentages of the control value that immediately preceded the experimentally induced value. The flow signals were not calibrated. Thirty-four occlusions, each of 60 s, were performed in three baboons: twenty-seven were circumflex branch occlusions, in two baboons, and seven were anterior descending branch occlusions in one baboon. The sample sizes were too small to demonstrate differences between the two different branch occlusions. Thus all thirtyfour occlusions are treated together. A parametric test, Student's r-test, two-tailed, for samples, was employed to test the significance of the observed group changes. A non-parametric test, the Wilcoxon signed rank test, supported the group t-test findings.
Results Fig. 1 illustrates the response to two 60 s periods of occlusion of the circumflex branch of the left coronary artery. Table 1 presents the mean percentage change of heart rate, cardiac output, stroke volume, peak aortic flow velocity, peak aortic flow acceleration, peak carotid flow acceleration, and the ratio of peak carotid flow acceleration to peak aortic flow acceleration, at the end of a period of 60 s of coronary occlusion, for thirty-four occlusions in three baboons.
Heart rate did not change significantly(P = 0'1).
Cardiac output, stroke volume, peak aortic flow velocity and peak aortic flow acceleration all decreased during coronary occlusion. Peak aortic flow acceleration decreased significantly more than peak aortic flow velocity, stroke volume or cardiac output. Both peak flow accelerations decreased and they decreased nearly to the same extent. Peak carotid flowacceleration decreasedslightlymore than peak aortic flow acceleration; thus the ratio shows a small but significant decrease.
Discussion
Peak flow acceleration in the common carotid artery changed in the same direction and approximately to the same extent as peak flow acceleration in the ascending aorta during occlusion for 60 s of a branch of the left coronary artery in awake chronically instrumented baboons. These results agree entirely with the proportional decrease observed in chronically instrumented dogs subjected to coronary artery occlusion for 60 s periods .
In the conscious baboon, peak aortic flowacceleration is more sensitive than peak flow velocity, stroke volume, or cardiac output during coronary occlusion. Rushmer (1964) demonstrated that peak aortic acceleration is decreased in unanaesthetized dogs when a coronary artery is occluded, and Noble et al. (1966) showed that peak aortic flow acceleration was more sensitive than peak flow rate, stroke volume, or left ventricular peak dP/dt during coronary occlusion. Experiments by Nutter et al. (1971) also demonstrated that peak aortic flow acceleration was a sensitive index of ventricular performance. Peak aortic flow velocity, peak aortic flow acceleration and stroke volume data from experiments with dogs in the chronic state in our laboratory are in essential agreement with the concept, although peak aortic flow acceleration is not always the most sensitive variable. Peak aortic flow acceleration and peak aortic flow velocity have a high degree of correlation with the ejection fraction in patients, some of whom had had myocardial infarctions (Bennett, Else, Miller, Sutton, Miller & Noble, 1974) .
Earlier studies have demonstrated that peak aortic flow acceleration is a useful index of ventricular performance during coronary occlusion in dogs (Rushmer, 1964; Noble et al., 1966; Nutter et al., 1971; Gams et al., 1974) and man (Bennett et al., 1974) and that peak carotid flow acceleration is a useful indirect index of ventricular performance in dogs during coronary occlusion Gams et al., 1974) . These findings in the baboon are consistent with the results from dogs. The distribution of carotid arterial circulation in the baboon is intermediate between that of the dog and man (McCoy et al., 1967) . Peak carotid flow acceleration may therefore be of use as an indirect index of ventricular performance in man during changes induced by myocardial ischaemia. It is true, however, that potent peripheral vasodilatation causes the relationship between peak carotid and peak aortic flow acceleration to dissociate Gams et al., 1974) .
